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 Fuzzy nano-structures on tungsten surfaces are 
generated by the bombardment of helium ions. This 
phenomenon was found from the experimental researches 
[1-3] for the interaction between plasma and the inside walls 
of the nuclear fusion reactors. The tungsten nano-structure is 
also interesting for plasma application. The formation 
process of the tungsten nano-structure is as follows: first the 
nano-scale bubbles, which are called helium bubble, are 
created in a surface, and next fuzzy fibers which are sub-
micro meter in diameter grow perpendicularly to the surface. 
This process differs from the deposition, in which source 
atoms are supplied as injected molecules onto surface, and 
the processing, in which the injected particles scrape the 
surface along a mask film. In the formation process of the 
tungsten nano-structure, injected helium ions are not source 
and the surface is not scraped.  
Our purpose is to clarify the mechanisms of formation of 
the tungsten nano-structure. We consider that the formation 
process of the tungsten nano-structure can be explained by 
the four step process which is composed of the penetration 
of helium, the diffusion and aggregation of helium, the 
growth of helium bubble, and the growth of fuzzy nano-
structure. Some of numerical simulation works relate to 
these four step process have been performed by using binary 
collision approximation (BCA), and density functional 
theory (DFT), molecular dynamics (MD), and kinetic 
Monte-Carlo (KMC). As the third step process, we should 
treat the dynamics of helium bubble in sub-micro meter 
scale. The present work, we had investigated the “bursting” 
of the helium bubble with in the tungsten surface. 
As an important preparation for this purpose, we made 
the potential model for tungsten and noble gas system using 
the downfolding method [4]. In the downfolding method, 
the parameters in the function of potential model were 
optimized to reduce the difference between the energy of 
potential model and that calculated by DFT. By this way, 
the potential model for tungsten-helium system was 
developed [5].  
The behaviors of a helium bubble observed in the 
present MD simulations are classified into the following 
three cases. The first case is the standing process that the 
helium atoms are kept within the initial helium bubble 
region. The second case is the expanding process that the 
helium atoms pushed out the tungsten atoms and the helium 
bubble region was extended. The third case is the bursting 
process that the helium atoms escaped from the surface as 
shown in Fig.1. From the animation of the MD simulation, it 
is understand that the size of tunnel for the helium atoms to 
pass through the surface is roughly the diameter of one 
tungsten atoms. When these slight tunnel is created once, all 
helium atoms can escape through the tunnel. 
As the result of the present MD simulation from the 
statistical viewpoint, the dependency of the helium bubble 
behaviors on the temperature T and the ratio of the number 
of initial helium atoms to the number of vacancy 
corresponding to the initial helium region He/Vac were 
calculated in this MD simulation. It is understand that when 
the temperature T and He/Vac increase are high, the helium 
bubble shows bursting behavior. When the thickness 
between the surface and helium bubble becomes wide, the 
threshold of He/Vac to start bring about the bursting process 
becomes high.  
By the MD simulation, we can estimate the pressure in 
the helium babble. The pressure can be defined from the 
position, momentum and forces of atoms. The results of the 
simulation indicate that a helium bubble with a radius of 1.0 
nm needs a high pressure of several tens of GPa to burst 
near the surface and to expand the bubble structures under 
the surface to the scale of ten nanometers. Moreover, from 
the viewpoint of dynamics, the results of the MD simulation 
expects that the concavities and convexities observed on the 
surface in the early stage of the formation of a tungsten 
fuzzy nano-structure are caused by the bursting of the 
helium bubble. 
 
[1] Iwakiri H., Yasunaga K., Morishita K. and Yoshida N.: 
J. of Nucl. Mater. 283-287 (2000) 1134-1138. 
[2] Takamura S., Ohno N., Nishijima D., and Kajita S.: 
Plasma Fusion Res. 1 (2006) 051. 
[3] Kajita S., Sakaguchi W., Ohno N., Yoshida N. and 
Saeki T.: Nucl. Fusion 49 (2009) 095005. 
[4] Yoshimoto Y.: J. Chem. Phys., 125, (2006) 184103. 
[5] Ito A. M., Yoshimoto Y., Saito S.,, Takayama A., and 
Nakamura H.: Phys. Scr. T159 (2014) 014062. 
 
Fig. 1. The simulation result of the bursting of helium 
bubble on the surface. 
 
A supersonic (Laval) nozzle has been used not only as one 
of hopeful fueling methods but also a method to control 
plasmas in the Large Helical Device. Although this 
technique has an advantage that it can supply a large 
amount of gas, it has many subjects to be investigated. For 
example, the behavior of the fuel gas ejected from the 
nozzle outlet to the plasma core is not clarified. We aim to 
study the dynamical behaviors of the jet ejected from the 
outlet of the Laval nozzle to the plasma core via the 
peripheral low pressure and low density region by means of 
numerical simulations in order to verify properties of the 
supersonic fueling which has been reported experimentally 
[1]. Here, as the first step, we performed test simulations of 
fluid which flew out from a narrow nozzle. Schematic 
simulation region is drawn in Fig. 1. We adopted central
compact scheme [2] with the sixth-order accuracy for a 
simulation method because it needs not so large calculation 
cost and makes a high accuracy and high resolution
calculations possible. As for a boundary condition, we used 
Navier-Stokes Characteristic Boundary Condition [3]. 
Number of a grid is (x,y)=(601,1201) and a thickness of the 
wall of a nozzle is one gird. The initial condition is 
u(0,y,t)=cos(2/ʌ࣭ y/l)2, v(0,y,t)=0, T(0,y,t)=T0, where u, v, 
T are an x-component of a velocity, a y-component of a 
velocity, and a temperature, respectively. The temperature 
T0 is set 293.15, Mach number is 0.7 and 
Fig. 1. Simulation box. The horizontal axis is an x-direction, 
and the vertical axis is a y-direction. 
Fig. 2. Simulation results. Color contours indicate the x-
component of the velocity vector (left upper panel),  y-
component of the velocity vector (right upper panel), the
pressure (left lower panel) and the density (right lower 
panel).
Reynolds number is 200. We present simulation results in 
Fig. 2. These are snap shots of the x- and y-components of 
the velocity vector, the pressure and the density. A flow 
went out the nozzle and reached near the simulation 
boundaries. The panels in Fig.2 show that the flow forms
undistorted circle unless use of rectangular coordinate 
system. Thus it can be considered that this test simulation 
was carried out correctly. As for the future work, we need 
to change the simulation scheme which can be used for 
supersonic jet and to make a simulation grid in a general 
coordinate so as to express Laval nozzle well.
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